ABSTRACT
INTRODUCTION
The coastal areas of Bangladesh have suffered severe cyclone damage almost 
THE BANGLADESH COASTAL ENVIRONMENT
The coastal area of Bangladesh lies within the tropical zone between 21-23°N and 89-93°E. The mean annual rainfall varies from about 1500 mm in the west to over 3800 mm in the south-eastern region. The heaviest rainfall occurs during the monsoon period (July and August) while there is practically no rainfall during the dry winter months of December to February. Mean coastal temperature during January is 19.5°C while during July, the mean temperature is 27.2°C. Cyclones are most common during the pre-and post-monsoon period, with May and October having the highest frequency.
Most of the 710 km coastline is dominated by the deltaic deposits of the GangesBrahmaputra-Meghna Rivers. Originating in the Himalayas, this river complex carries an estimated annual sediment load of 2.4 x 10 9 tons. 8 These sediments are transported and sorted by river flow and reworked by tidal and wind action, leading to extensive areas of accretion and erosion in the coastal area. With the fall in mean sealevel after the monsoon, these newly formed deltaic deposits -locally known as 'char' lands -become increasingly exposed, often drying completely during the winter months.
Because of the nature of these 'char' lands, their partial submergence during subsequent monsoons, and their high interstitial salinity, these areas are not suitable for agriculture until salts have been leached out and soil ripening has occurred. 9 , 10
Consequently, this new land remains bare until natural successional changes lead to a grass cover, usually dominated by halophytic uri-grass, Oryza coarctata.
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Protection of these lands from subsequent erosion and acceleration of their vertical accretion are prime objectives of the coastal afforestation program. As the coastal afforestation programme proceeded, it became apparent that the plantations contributed both to the acceleration of land accretion, and to the stabilization of the 'char' lands. These plantations and the sedimentary processes they induced apparently had the ultimate potential of providing land sufficiently raised and stabilized to be used for agricultural purposes -thus, meeting the prime objectives of the afforestation programme.
BACKGROUND TO THE PROJECT
While the initial objective of the afforestation program was to create a shelter belt to protect the lives and properties of the coastal communities, the early success of the plantations resulted in the setting of additional objectives for coastal afforestation, identify the most favorable locations for plantations and to develop techniques, using additional mangrove species, to establish successful multi-specific plantations.
SPECIES SELECTION
Although roughly 27 species of mangroves and a similar number of mangrove associates occur in Bangladesh 13 , 14 most are rare, or of little economic importance. 11 Only 10 or so species occur frequently enough to sustain silviculture ( Table 1) .
As a result of the early 'trial and error' approach to plantations, only two speciesSonneratia apetala and Avicennia officinalis -showed encouraging survival rates, and as a consequence, these two species dominate the mangrove plantations generally as monospecific stands. 15 These species are medium quality timbers used for fuel wood, constructions and furniture. 16 , 17 About 80% by area of the early for timber or paper pulp production. Polybag culture of a range of other mangrove species (Table 2) has been experimentally developed although field assessments of the performance of these species are as yet incomplete.
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NURSERY AND PLANTING TECHNIQUES
Nursery and planting techniques vary considerably among the various species, and a summary of the techniques employed for each of the major species is provided below:
Sonneratia apetala: Mature green fruits of keora (Sonneratia apetala) are generally collected during September and they are heaped for 20 days to allow the pericarps to decay. They are then rubbed and washed in water to separate the small seeds from the rotted fleshy portion of the fruits. About 1 kg of green fruit will yield about 275 g or 7,500 seeds. 20 These seeds maintain their viability for about one month.
Approximately 7-8 kg of these seeds are broadcast onto intertidal nursery beds 1.2 m wide and 12 m long, slightly raised above the surrounding sediment. The beds are usually encircled by low (15 cm) earthen walls which retain water pumped into the enclosures during unusually dry periods.
Germination onset and success is largely controlled by salinity which needs to be maintained below 20ppt; above 20ppt germination performance declines rapidly. gently pulled out of the ground and packed for transport to selected afforestation sites. Generally, one such nursery bed provides sufficient seedlings to plant an area of 0.4 ha at the usual spacing of 1.2 x 1.2 m. 20 The uprooted seedlings can be stored in the shade for up to six days without any significant losses. 22 As discussed later, this approach results in adequate survival rates for a species that has not been cultivated elsewhere.
Excoecaria agallocha: Seeds of this species ripen in August. The seeds retain their viability for about one month and can either be sown directly onto sheltered intertidal areas, or may be raised in nurseries. Although nursery raising is not used for large plantings, some polybag seedlings are allowed to grow for about 12 months and seedlings of the desired height (30-50 cm) become available for planting from July to August. At this time, the seedlings are packed for transport to afforestation sites where they are usually planted out at a spacing of 1.0 x 1.0 m. One-year old seedlings may also be collected from the floor of natural forests of the Sundarbans and rapidly transported to planting sites where they are usually planted on relatively raised lands. Because this species is mostly planted onto more raised lands, survival rates using these planting techniques are around 80% after 12-months.
Avicennia officinalis:
The crypto-viviparous 23 propagules of species of Avicennia are usually collected from around the base of mother trees in August to September.
When kept in air, these propagules lose their viability within a few days. These propagules may be directly planted into sheltered areas by 'dibbling' -where the propagule is gently pushed into the soft sediment until firmly wedged. 'Dibbling' is usually undertaken during neap tide periods to allow the seedling to develop roots.
Pre-treatment of the propagules has also been used to decrease the establishment replicate plots where fixed numbers of seedlings were planted out from nurseries every month over a 24-month period (Fig. 2) . Cyclical regression analysis of these data 25 shows that not only the time of planting but the age of seedlings is a contributing factor, and that seedlings older than 12 months generally result in lower survival rates for equivalent months (e.g. compare July/August in 1988 with
July/August in 1989 in fig. 2 ). (Table 2 ). In such dense Sonneratia and Avicennia plantations, thinning is carried out after 9-10 years when up to 50% of the stems may be removed. 26 Thinning of these plantations largely consists of removing stunted trees and cutting smaller stems from multi-stemmed trees, and results in slightly reduced natural mortality together with marginal annual increases in height and girth. In more widely spaced plantations, thinning is generally not required because of the relatively slow rate of tree growth and the loss of some trees in plantations due to stem borer attack (see below); the products of thinning yield low economic returns.
Mean Annual Increment/Height increases: Increases in height and girth, and thus volume, depends on the initial spacing of the particular plantation (Table 2 ). In 5 and is attributable to poor species-to-site matching, particularly in relation to interstitial salinity and tidal inundation. 10,23
PROBLEMS ENCOUNTERED
The mangrove afforestation project in Bangladesh is being carried out in one of the most dynamic natural environments on earth and as such, some problems associated with land stability must be expected and can never be completely In the mangrove nurseries, one of the initial problems encountered was that heavy rains during the early nursery period caused low seedling production, usually because the seeds are light and easily floated away. In addition, early planting trials of other mangrove species using the technique where seedlings are pulled out of the ground, did not provide acceptable levels of survivalpresumably due to root damage during seedling extraction. The high proportion (about 80% by area) of Sonneratia apetala in early plantations is partly due to the tolerance which this species shows toward this transplanting procedure. Polybag culture is now used to raise seedlings of at least 10 different mangrove species (Table 1) for growth trials, and these show much better performance in terms of survival and growth after out-planting. Nevertheless, the extent of the early monospecific plantations has led to outbreaks of two major pest organisms: remains low, the cost of thinning is barely recoverable. 26 One of the options currently being evaluated is to design the plantations so as to optimize timber productions without the need for thinning.
On the basis of experimental trials it was found 33 that an adjustment of density so that in 5-or 6-year old plantations, densities of 1100-1600 trees/hectare occurred, would result in a marginally increased diameter increment -and hence, volume.
Such an adjustment of density may be achieved either by thinning when plantations are 5-or 6-years old, or by adjusting the initial spacing so that this density is attained by natural attrition around 5 or 6 years after planting.
If the products of thinning are an important outcome from the coastal plantations, and if these can be harvested economically, then it seems that the current spacing In addition, some infilling may also still be required as mortality may occur in patches rather than randomly through newly established plantations.
BENEFITS GAINED
On current estimates, there are some 96,000 ha of suitable coastal lands presently available for further plantations. Despite this, it is estimated that a total of 150,000 ha Consequently, it may be argued that the most significant benefit provided by the mangrove plantations was the provision of a self-repairing system which facilitated the stabilization and protection of the coast during intense cyclonic conditions.
LESSONS LEARNED
While resource decision-making is always easier with the benefit of hindsight, there are several important lessons emanating from this program which have wider application. From an ecological management perspective, the major lesson to date has been that monospecific mangrove cultures may develop problems which are difficult and costly to remedy. Where the economic conditions are as they are in Bangladesh, then silvicultural control measures need to be investigated rather than to rely on chemical control measures. More importantly, plantations need to be designed as multispecific systems to minimize or avoid some of the identified problems. In that sense, silvicultural research should precede any intensive planting program.
In some instances, mangrove plantations have had a sacrificial value i.e. they have caused such rapid accretion that the land no longer supports mangroves. Because using mangrove plantations to accelerate the accretion of new land is not necessarily compatible with optimal timber production, the objectives for afforestation need to be reviewed and clearly prioritized. 27 Finally, the changing soil salinities as well as soil maturation of the newly accreted lands require an integrated program of sequential planting of suitable species which are able to adapt to the changing conditions. In contrast to the existing situation, such an integrated program requires the long-term control and tenure of the land by the Forest Department.
Despite the improvements that could have been made to this program at its inception, it has nevertheless proved successful in most respects and illustrated that large-scale mangrove afforestation is both technically possible and socioeconomically beneficial.
